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In this dissertation we are interested in developing high efficient numerical methods
for high dimensional fractional diffusion equations. We propose and analyze a number
of numerical schemes for the underlying problems, and apply the proposed methods to
some model problems with real physical background. The outline of the dissertation is as
follows:
In Chapter 1 we give a brief review about the recent progress on fractional diffusion
equations, present the physical background of this kind of models by using continuous
time random walk process, which motivates the investigation carried out in this paper.
In Chapter 2 we develope an efficient algorithm for the time dependent high-
dimensional two-sided space fractional diffusion equations. The proposed method com-
bines a time discretization based on direction splitting approaches and a spectral method
for the spatial discretization. The direction splitting approach renders the underlying
high-dimensional equation into a sequence of one-dimensional space fractional diffusion
equations at each time step. Then these one-dimensional equations are solved by using
the spectral method. A time error estimate is derived for the semi-discrete solution, and
the unconditional stability of the fully discretized scheme is proved. Some numerical
examples are presented to validate the proposed method.
In Chapter 3 we propose and analyze a numerical method for the Allen-Cahn equa-
tion. In the proposed method, the time derivative is discretized by using direction splitting
approach and the space variable is discretized through the spectral method. This method
can be regarded as an application of the method proposed in Chapter 2. It is shown
that the proposed scheme is equivalent to a stabilized CN/AB scheme with an additional
stabilized second-order term. The stability and an error estimate are derived, and some
numerical results are provided to validate the proposed method.
Finally, in the last chapter we design and analyze a new spectral element/direction
splitting method for the traditional diffusion equation. The new method makes use an
extension of the discrete derivative defined in the piecewise polynomial spaces, which will
be crucial for the proof of the stability of the proposed scheme. We drive an optimal error















time and space. For the method to be more efficient, we propose a parallel algorithm
to solve the resulting one-dimensional subproblems. At last, numerical experiments are
carried out to demonstrate the efficiency of the proposed method. The obtained numerical
results show that the convergence rate of the method is exponential with respect to the
polynomial degree 𝑁 if the solution is smooth, and the convergence in time is of second
order.
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式 [21]，可变阶分数阶微分方程的有限差分法 [22]，有限元法 [23]等。此外，求解空间分数
阶扩散方程的数值方法主要有：基于偏移Grünwald公式的有限差分法 [24–26]，样条逼近
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